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SYSTEM AND METHOD FOR DATA
MODELING

BACKGROUND

Network providers often provide network services to cli-
ents where the services are defined through contract negotia-
tions. Furthermore, the contracts may define performance
guarantees prior to deployment of the services or sites. Spe-
cifically, the Service Level Agreements (SLA) define the
minimum levels of quality or availability of a service and a
corresponding penalty schedule for violation of these mini-
mum requirements.

When a standard SLA is absent, the SLA is usually drafted
in an expedited manner to provide services to the client in a
timely fashion. When a standard SLA exists, a client may
request the SLLA to be updated or altered to reflect stricter
requirements. In either scenario, only a small set of statistics
will be known. Thus, the service provider is unable to collect
an exhaustive long-term set of measurements that would pro-
vide detailed data for the modeling of quantities such as
long-term site availability or latency. Even when measure-
ments may be gathered, there may be a deficiency that denies
the user from modeling. One result is the penalty schedule
incorporated in the SLA may create heavy losses to the ser-
vice provider.

SUMMARY OF THE INVENTION

A method for receiving a plurality of values related to
providing services on a network, determining at least one
constraint value based on the plurality of values, performing
a distribution analysis using the plurality of values and the at
least one constraint value and outputting a result derived from
the distribution analysis.

A system for an input module to receive a plurality of
values relating to providing services on a network, a calcula-
tion module to determine at least one constraint value depend-
ing on the plurality of values, a processor to perform a distri-
bution analysis given the plurality of values and the at least
one constraint value and an output module to output a result
derived from the distribution analysis.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first interface for a data modeling element
according to an exemplary embodiment of the present inven-
tion.

FIG. 2 shows a second interface for a data modeling ele-
ment according to an exemplary embodiment of the present
invention.

FIG. 3 shows a third interface for a data modeling element
according to an exemplary embodiment of the present inven-
tion.

FIG. 4 shows a fourth interface for a data modeling element
according to an exemplary embodiment of the present inven-
tion.

FIG. 5 shows a fifth interface for a data modeling element
according to an exemplary embodiment of the present inven-
tion.

FIG. 6 shows a method of data modeling according to an
exemplary embodiment of the present invention.

FIG. 7 shows a method of reverse data modeling according
to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION

The present invention may be further understood with ref-
erence to the following description and the appended draw-
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2

ings, wherein like elements are referred to with the same
reference numerals. The exemplary embodiments of the
present invention describe a system and method for a data
modeling element to model data for determining a payout risk
associated with minimum levels of quality or availability of a
service. According to the exemplary embodiments of the
present invention, the data modeling element receives a set of
available inputs and uses the inputs in conjunction with a set
of constraints to output a distribution according to the Maxi-
mum Entropy Principle (MEP). The inputs, constraints, dis-
tribution, and MEP will be described in more detail below.
Each exemplary embodiment of a data modeling element
incorporates a different set of inputs and a different set of
constraints. Furthermore, each interface of the exemplary
embodiments is shown on a spreadsheet program where an
input into a given cell correlates to a formula in order to
display a result in another cell. However, those skilled in the
art will understand that other methods of inputting the data to
the data modeling element and providing the results from the
data modeling element may also be used. In addition, the
inputs and constraints used in the example are not limiting.
Other inputs and constraints may be used depending on the
problem that is to be solved.

Network providers are continuously faced with the chal-
lenge of offering competitive remedies for SLA violations
while managing the risk of reduced earnings. Cases where
limitations in data collection and/or in planning scenarios
with no data pose challenges in getting a clear picture of the
performance and reliability of the transport network and the
offered services. The limitations may be internal. That is, with
a limited time to prepare, little to no data may be collected.
The limitations may also be external. That is, when providing
end-to-end latency guarantees across multiple provider net-
works, only a limited set of measurement statistics may be
supplied by each network provider. In either case, the lack of
data does not allow the service provider to efficiently deter-
mine the payout risks. Those skilled in the art will understand
that in determining a distribution, more data provides a better
solution that covers more uncertainties.

A conventional modeling approach involves using a fitted
model that has been found appropriate for an existing set of
data and to modify it for every new set of data. However, this
approach requires statistical experts to evaluate the goodness
of fit. The goodness of fit will be described in detail below.
This approach is also susceptible to the need for a predeter-
mined amount of data. A lack of the predetermined amount of
data significantly reduces the ability to create an accurate
model. Furthermore, service providers often need to deter-
mine payout risks according to hypothetical scenarios. Since
the conventional modeling approach utilizes the existing set
of'data, hypothetical data would be difficult to accommodate.

The exemplary embodiments of the data modeling element
utilize a modeling methodology thatis based on the MEP. The
approach used by the present invention requires a relatively
small set of data inputs and does not require expert statistical
advice on the goodness of fit. Specifically, the exemplary
embodiments assist service providers in modeling quantities
such as time to restore (T'TR), which is essential for payout
risk analysis of proposed SLAs. In contrast to conventional
methods, the exemplary embodiments allow a user to input a
minimum amount of generally available data. With this data,
a maximum-entropy distribution under different constraints
may be applied to the TTR SLA problem. It should be noted
that the methodology of the exemplary embodiments may be
applied to further applications beyond TTR. Those skilled in
the art will also understand that the methodology of the exem-
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plary embodiments may be applied to any problem faced with
a modeling methodology and a distribution analysis.

A distribution has a good fit when all given constraints are
met, little to no additional constraints are imposed, and cov-
erage is maximized (i.e., “spread out™). The MEP states that if
a distribution, p, is to encompass the most uncertainty and
satisfy all imposed constraints, an entropy function should be
maximized. [fentropy is denoted E, then the entropy function
may be denoted as: E=—[p(x)log(p(x))dx=MAX (hereinafter
“equation 1”). The MEP implies that when p has positive
support on R* (i.e., [0, )), p has the form:

1
plx) = zexp{—; Ajfj(x;)},

(hereinafter “equation 2”) where A, are Langrange multipliers
that are calculated based on the constraints, f; are functions of
the probability space used to define the constraints, and Z is
the partition function which is defined as

Z= fexp{—zj:/ljfj(x)}dx

(hereinafter “equation 37).

The present methodology utilizes an advantage in that if a
distribution were to be picked at random from all distributions
that satisfy the known set of constraints, the maximum
entropy p would be the most probable. Therefore, to not use
the maximum entropy p is to assume there is additional infor-
mation that was not in the stated constraints or purposely
selecting a distribution satisfying constraints that are less
probable.

The constraints on p may be generally expressed by E [{;
(0)]=R; (hereinafter “equation 4”), where R; are the con-
straints. For example, if there is a constraint on the mean of p,
then E, [x]=R, (hereinafter “equation 57), and therefore,
f,(x)=x. In general, R, are related to Z and A; with the follow-
ing:

Vj (hereinafter “equation 6”). Thus, a set of non-linear equa-
tions that are solved for the parameters may be determined.

In the following description, the exemplary embodiments
use a select group of constraint functions that are of low order
moments, low order conditional moments, and/or percentiles.
For such sets of constraints, Z may be derived analytically and
the problem reduces to solving the set of non-linear equations
stated in equation 6. It should be noted that low order usually
refers to first order (e.g., mean or conditional mean). Those
skilled in the art will understand that the restrictions on R, are
not as limiting as conventional methodologies. That is, con-
ventional methodologies use natural process statistics that are
typically the overall mean, a few percentiles, and occasion-
ally a conditional mean.

FIG. 1 shows a first interface 100 for a data modeling
element according to an exemplary embodiment of the
present invention. The first interface 100 includes a single
constraint value, the mean of p. As illustrated in the first
interface 100, inputs 105 are entered by a user. When the
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mean of p is the one constraint value, the inputs 105 include
a mean time to restore (MTTR), an availability, and a payout
schedule.

The MTTR refers to the average time taken for a service
provider to restore the offered service upon the service fail-
ing. For example, the service may be for a site on a network,
aconnection to a network, a certain amount of bandwidth, etc.
The MTTR may be represented in minutes, hours, etc. Thus,
when entering the MTTR field, the user inputs the figure
commensurate with the proper unit. For example, when data
shows that it takes an average of 5 hours to restore a downed
site, the user inputs 300 into the field. The type of unit for this
field may be altered to accommodate the user.

The availability refers to the percentage of time in a given
time reference that the service is provided to the client. Opti-
mally, the availability should be across sites and for the long-
est available time period where the configuration of the site
remains the same. The availability may be represented in a
percent, time, etc. In the exemplary embodiment, the avail-
ability is shown in percentages. For example, in a finite time
period, the service provider may have provided the service to
the client 99.90% of the time. The type of unit for this field
may be altered to accommodate the user.

The payout schedule refers to a tiered payout schedule that
is subjective to the service provider. The service provider may
have several levels of payout schedules depending on a vari-
ety of factors. For example, a first level may be used for local
(e.g., intrastate) clients, a second level may be used for non-
local, domestic (e.g., interstate) clients, a third level for inter-
national clients, etc. The tiered payout schedule may have, for
example, 6 tiers. In this example, a tier 6 payout schedule is
used. The tiered payout schedule may be stored in a separate
spreadsheet (when the present invention is used on a spread-
sheet program), incorporated in a database that is accessed
(when the present invention is used on a stand-alone pro-
gram), etc. It should be noted that the tiered payout schedule
may be inputted by the user prior to use, inputted during the
course of use, altered depending on the service provider, etc.

With the inputs 105 entered, the data modeling element
may apply the MEP as discussed above, with consideration to
the number of constraints. In FIG. 1, the single constraint
value is the mean of p. Thus, the maximum entropy p function
has the following form: p(x)=(1/Z)exp{-h,x} (hereinafter
“equation 7”), where

Z= f exp(—Aix)dx =1/
0

(hereinafter “equation 8”). It should be noted that the integral
is taken from O to co due to the assumption of p having positive
supporton R™. The constant ., may be calculated based on the
constraint using equation 6 with the following:

-1/4
1/,

+R =024, =1/Ry.

Thus, p(x)=(1/R;)exp{-x/R,) (hereinafter “equation 10”),
where R, is the mean of the distribution p(x). If for example
p(x) is the distribution of the TTR then R, would be the Mean
Time to Restore (MTTR).

Applying the above analysis to the inputs 105, the outputs
110 may be displayed. In the exemplary embodiment, the
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outputs 110 may include frequency of outages, months
between outages, a conditional months between outages, and
a payout.

The frequency of outages refers to an amount of outages
(e.g., failure of service) occurring on average. The frequency
of outages may be for given in units of time such as weekly,
monthly, bi-monthly, semi-annually, annually, etc. With the
exemplary inputs 105 described above, the frequency of out-
ages that results from the above analysis is 0.15 times per
month. The type of unit for this field may be altered to accom-
modate the user.

The months between outages refers to an average time
from one outage to another outage. This field may also be
represented in other units of time such as weeks, years, etc.
The conditional months between outages also refers to an
average time from one outage to another outage except the
chosen outages are subject to a condition. For example, the
outages may be selected based on an amount of time to restore
beyond a threshold value (e.g., 4 hours). The conditional
months between outages may include an input field where a
user may further define the threshold value. When no thresh-
old value is entered, a standard value may be used. In the
exemplary embodiment, with the given inputs 105, the
months between outages is 6.8 months while the conditional
months between outages where the outage lasted longer than
4 hours is 15. The type of unit for these fields may be altered
to accommodate the user.

The payout refers to the percentage of fees that are
expected to be returned to the client due to outages for ser-
vices rendered. The payout may also be represented as, for
example, an aggregate sum of payouts for a current duration
of'the SLA, an expected total payout for a contract term of the
SLA, etc. If the payout represents the percentage of fees, the
payout may be based on a time reference such as yearly,
bi-yearly, etc. In the exemplary embodiment, the payout is
viewed annually and with the inputs 105, the payout results in
1.2%. It should be noted that the payouts may be displayed as
being in excess of 100% (i.e., return more than earnings from
client). In such a scenario, an alert may be displayed.

FIG. 2 shows a second interface 200 for a data modeling
element according to an exemplary embodiment of the
present invention. The second interface 200 includes two
constraints, the mean of p and a percentile value. As illus-
trated in the second interface 200, inputs 205 are entered by a
user. When the mean of p and the percentile value are the two
constraints, the inputs 205 include a mean time to restore
(MTTR), a time (T), a probability (p) that the time to restore
(TTR) exceeds T, an availability, and a payout schedule. The
MTTR, availability, and payout schedule were discussed
above with reference to the first interface 100 of FIG. 1. In the
second interface 200, the MTTR value may be 300 minutes;
the availability may be 99.90%, and the payout schedule may
be 6.

The time T refers to an argument in the TTR distribution for
which the user has some available data such as relating to the
SLA, to dispatch time, etc. Specifically, in the exemplary
embodiment, T is a threshold value that a user selects to
establish a minimal time figure. T is used in combination with
the TTR, as will be discussed below. T may be specified in
minutes, hours, etc. In the exemplary embodiment, the value
of T is 60 (i.e., 1 hour). The type of unit for this field may be
altered to accommodate the user.

The TTR refers to each individual time range a service
provider takes to restore a failed service. Thus, the p that the
TTR exceeds T (i.e., TTR>T) is a ratio or percentile of the
times that the TTR has actually exceeded T. For example, if a
service has failed 4 times and the TTR for each failure was 30
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6

minutes, 45 minutes, 50 minutes, and 75 minutes, then the p
that the TTR exceeded T of 60 minutes is Y4 or 25%. In
another example and as illustrated in the exemplary embodi-
ment, after gathering the necessary data and assuming a T of
60 minutes, if the service provider is aware that 50% of the
failures took over an hour to restore, then p=0.5.

In contrast to the first interface 100, the second interface
200 displays constraints values 210 which refer to the con-
straints on the mean of p and the percentile value. The target
values for the constraint equations are optimally 0. After
entering the inputs 205, the constraint values 210 display the
resulting values for the two constraint equations. The second
interface 200 may include a “solve” option that a user selects
to solve the non-linear constraint equations. The second inter-
face 200 may also automatically display the constraint values
210. In either scenario, the user is able to view whether a
solution for the constraints is valid (i.e., constraint values are
0 or negligible). When a solution is found, given the con-
straints, the second interface 200 may inform the user with a
message. This message may include an initial notification
indicating that a solution was found with a follow-up notifi-
cation indicating the validity of the solution. For example, if
avalid solution is found, the message may indicate to the user
that all constraints and optimality conditions were satisfied or
the message may indicate otherwise. The second interface
200 may further allow the user to keep or discard the solutions
to the constraint equations. If the user keeps the values dis-
played in 210, then the second interface 200 may proceed to
determine the results. Otherwise, if the user discards the
values, a new set of inputs 205 are entered. It should be noted
that no solution may exist for a set of given inputs and con-
straints or the set of inputs are ill-defined. In the exemplary
embodiment, given the inputs 205, the first constraint value
may be -2.15863x1077 while the second constraint value
may be —2.05983x10°. The process to determine the con-
straint values 210 will be discussed below.

Initially, the constraint equations are solved by the data
modeling element upon entering the inputs 205. By again
applying the MEP, the two constraints being the mean of p and
the value of a percentile, the maximum entropy p function has
the following form: p(x)=(1/Z)exp{—(A x+1,1(x,%,))} (here-
inafter “equation 11”), where I(x.x,) is an indicator function
that equals to 1 for x=x, and 0 for x<x,. The constant x,
corresponds to the constraint on the percentile P(x=x,)=R,
(hereinafter “equation 127).

Applying equation 3, Z may have the following form:
Z=(1/\ ) )exp{-A %, Hexp{-A,}-1)+1) (hereinafter “equa-
tion 137). Thus, the variables A, and A, may be calculated by
solving a system of two non-linear equations using equation
6. The processing unitto solve the non-linear numerical equa-
tions may be included within the present invention or may be
provided using a separate processor found in packages such
as Mathematica or Excel.

Applying the above analysis to the inputs 205, the outputs
215 may be displayed. In the exemplary embodiment, the
outputs 215 may include frequency of outages, months
between outages, a conditional months between outages, and
apayout. These outputs were discussed above with reference
to the first interface 100 of FIG. 1.

Specifically, with the inputs 205, the frequency of outages
that results from the above analysis is 0.15 times per month.
The months between outages is 6.8 months while the condi-
tional months between outages where the outage lasted
longer than 4 hours is 20. With the payout having an annual
time frame, the payout results in 1.7%.

FIG. 3 shows a third interface 300 for a data modeling
element according to an exemplary embodiment of the
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present invention. The third interface 300 includes three con-
straints, the mean of p and two percentile values. As illus-
trated in the third interface 300, inputs 305 are entered by a
user. When the mean of p and the two percentile values are the
three constraints, the inputs 305 include a mean time to
restore (MTTR), a first time (S), a first probability (pl) the
TTR exceeds S, a second time (T), a second probability (p2)
the TTR exceeds T, an availability, and a payout schedule. The
MTTR, availability, and payout schedule were discussed
above with reference to the first interface 100 of FIG. 1. The
TTR was discussed above with reference to the second inter-
face 200 of FIG. 2. In the third interface 300, the MTTR value
may be 300 minutes; the availability may be 99.90%, and the
payout schedule may be 6.

The times T and S refer to an argument in the TTR distri-
bution for which the user has some available data such as
relating to the SLA, to dispatch time, etc. Specifically, in the
exemplary embodiment, S and T are threshold values that a
user selects to establish a minimal time figure. S and T are
used in combination with the TTR, as will be discussed below.
S and T may be specified in minutes, hours, etc. In the exem-
plary embodiment, the value of S is 60 (i.e., 1 hour) while the
value of T is 600 (i.e., 10 hours). The type of unit for this field
may be altered to accommodate the user.

The p1 that the TTR exceeds S (i.e., TTR>S) is a ratio or
percentile of the times that the TTR has actually exceeded S.
The p2 that the TTR exceeds T (i.e., TTR>T) is a ratio or
percentile of the times that the TTR has actually exceeded T.
For example and as illustrated in the exemplary embodiment,
after gathering the necessary data and assuming an S of 60
minutes and a T of 600 minutes, if the service provider is
aware that 50% of the failures took over an hour to restore and
25% of'the failures took over 10 hours to restore, then p1=0.5
while p2=0.25.

In contrast to the first interface 100 and akin to the second
interface 200, the third interface 300 displays constraint val-
ues 310 which refer to the constraint equations on the mean of
p and the two percentile values. It should again be noted that
the target value for the constraints is optimally 0. The method
and options for displaying the constraint values 310 may be
identical to the method and options for displaying the con-
straint values 210 of the second interface 200. It should also
again be noted that no solution may exist for a set of given
inputs and constraints or the set of inputs are ill-defined. In the
exemplary embodiment, given the inputs 305, the first con-
straint value may be -5.6x107, the second constraint value
may be —2.7x1071°, and the third constraint value may be
-2.9x107'°. The process to determine the constraint values
310 will be discussed below.

Initially, the constraint equations are solved by the data
modeling element upon entering the inputs 305. By again
applying the MEP and including variables discussed above
with equation 11, the three constraints being the mean of p
and the two values of a percentile, the maximum entropy p
function has the following form: p(x)=(1/Z)exp{-(h,x+A,I
(%,%,)+A;1(x,x,))} (hereinafter “equation 14”). The constant
X, corresponds to the constraint on the second percentile
P(x=x,)=R; (hereinafter “equation 15”). Those skilled in the
art will understand that the maximum entropy density is simi-
lar to that found for equation 11 with an additional multiplier
A5 and indicator function I(x,x,) to account for the second
percentile.

Applying equation 3, Z may have the following form:
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(hereinafter “equation 16”). Thus, the variables A, A,, and A,
may be calculated by solving a system of three non-linear
equations using equation 6. Again, the processing unit to
solve the non-linear numerical equations may be included
within the exemplary data modeling element or may be pro-
vided using a separate processor.

Applying the above analysis to the inputs 305, the outputs
315 may be displayed. In the exemplary embodiment, the
outputs 315 may include frequency of outages, months
between outages, a conditional months between outages, and
apayout. These outputs were discussed above with reference
to the first interface 100 of FIG. 1.

Specifically, with the inputs 305, the frequency of outages
that results from the above analysis is 0.15 times per month.
The months between outages is 6.8 months while the condi-
tional months between outages where the outage lasted
longer than 6 hours is 23. With the payout having an annual
time frame, the payout results in 1.6%.

FIG. 4 shows a fourth interface 400 for a data modeling
element according to an exemplary embodiment of the
present invention. The fourth interface 400 includes two con-
straints, the mean of p and a conditional mean of p. As illus-
trated in the fourth interface 400, inputs 405 are entered by a
user. When the mean of p and the conditional mean of p are the
two constraints, the inputs 405 include a mean time to restore
(MTTR), a time (T), an average outage time of outages
exceeding T (CM), a number of sites that failed in the month
and corresponding recovery exceeding T (F), and number of
total sites (N), and a payout schedule. The MTTR and payout
schedule were discussed above with reference to the first
interface 100 of FIG. 1. In the fourth interface 400, the MTTR
value may be 300 minutes and the payout schedule may be 6.

Thetime T refers to an argument in the TTR distribution for
which the user has some available data such as relating to the
SLA, to dispatch time, etc. Specifically, in the exemplary
embodiment, T is a threshold value that a user selects to
establish a minimal time figure. T is used in combination with
the CM and F, as will be discussed below. T may be specified
in minutes, hours, etc. In the exemplary embodiment, assum-
ing the SLA is set at 99% availability, the value of T is 432
(i.e., 432 minutes in a month with 30 days and 1% of down-
time). The type of unit for this field may be altered to accom-
modate the user.

The CM refers to an average of the outage duration for all
outages that exceeded T (i.e., CM>T). Because CM concerns
outages exceeding T, the value of CM is larger than T. For
example, in the exemplary embodiment, CM may be 600
minutes. The type of unit for this field may be altered to
accommodate the user.

The F refers to the number of sites that failed in the current
month and the corresponding outage duration exceeded T. It
should be noted that the use of the time frame of one month is
only exemplary and the time frame may be a set number of
months, ayear, etc. Similar to CM, the value of F is also larger
than T. For example, in the exemplary embodiment, F may be
2 to represent 2 sites that failed and took longer than T to
restore.

The N refers to the total number of sites that have the same
payout schedule. Those skilled in the art will understand that
the value of N is dependent on the client, the number of
services that are provided to the client, the payout schedule
for the client, etc. For example, in the exemplary embodi-
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ment, a client may have 100 sites that are on tier 6 of the
payout schedule. Thus, N=100.

Similar to the second interface 200 and the third interface
300, the fourth interface 400 displays constraint values 410
which refer to the constraint equations on the mean of p and
the conditional mean of p. It should again be noted that the
target value for the constraints is optimally 0. The method and
options for displaying the constraint values 410 may be iden-
tical to the method and options for displaying the constraint
values 210 of the second interface 200 and the constraint
values 310 of the third interface 300. It should also again be
noted that no solution may exist for a set of given inputs and
constraints or the set of inputs are ill-defined. In the exem-
plary embodiment, given the inputs 405, the first constraint
value may be -7.6665x1077. The process to determine the
constraint value 410 will be discussed below.

Initially, the constraint equations are solved by the data
modeling element upon entering the inputs 405. By again
applying the MEP, the constraint on the conditional mean
may have the following form: E(xIx>x,)=R, (hereinafter
“equation 17”). Equation 17 is equivalent to the either of the
following expressions:

=3

f xp(x)dx
Yo

Tpdx
X0

(hereinafter “equation 18) or [, (x-R,)p(x)dx=0 (hereinaf-
ter “equation 19”). Equations 17-19 imply that following
expressions: p(x)=(1/Z)exp{-(hx+A,(x-R,)I(x,x,))} (here-
inafter “equation 20) and

1 1
Z = (e M¥0 1) 4 —(1 +A2)x0+A2 Ry
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(hereinafter “equation 21”). Thus, the variables A, and A, may
be calculated by solving a system of two non-linear equations
using equation 6. Again, the processing unit to solve the
non-linear numerical equations may be included within the
data modeling element or may be provided using a separate
processor.

Applying the above analysis to the inputs 405, the outputs
415 may be displayed. In the exemplary embodiment, the
outputs 415 may include frequency of outages, months
between outages, a conditional months between outages, a
measured availability, and a payout. These outputs were dis-
cussed above with reference to the first interface 100 of FIG.
1. The measured availability is a calculated amount that a
service is rendered as opposed to the given value for the
availability.

Specifically, with the inputs 405, the frequency of outages
that results from the above analysis is 0.07 times per month.
The months between outages is 14.7 months while the con-
ditional months between outages where the outage lasted
longer than 4 hours is 28. The measured availability is
99.95%. With the payout having an annual time frame, the
payout results in 0.5%.

FIG. 5 shows a fifth interface 500 for a data modeling
element according to an exemplary embodiment of the
present invention. The fifth interface 500 includes three con-
straints, the mean ofp, a conditional mean of p, and a percen-
tile value. As illustrated in the fifth interface 500, inputs 505
are entered by a user. When the mean of p, the conditional
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mean of p, and the percentile value are the three constraints,
the inputs 505 include a mean time to restore (MTTR), a time
(T), an average outage time of outages exceeding T (CM), a
probability (p) the outage exceeds T, a number of sites that
failed in the month and corresponding recovery exceeding T
(F), and number of total sites (N), and a payout schedule. The
MTTR, time T, CM, F, N, and payout schedule were dis-
cussed above with reference to the fourth interface 400 of
FIG. 4. In the fifth interface 500, the MTTR value may be 300
minutes; T may be 432 minutes; CM may be 600 minutes; F
may be 2; N may be 100; and the payout schedule may be 6.
The probability p refers to a ratio or percentage that any
outage exceeds T (i.e., outage time>T). In the exemplary
embodiment, assuming 35% of all outages exceeded 432
minutes, then p=35% or 0.35.

Similar to the fourth interface 400, the fifth interface 500
displays constraint values 510 which refer to the conditional
mean of p and the percentile value. It should again be noted
that the target value for the constraints is optimally 0. The
method and options for displaying the constraint values 510
may be identical to the method and options for displaying the
constraint values 510 of the second interface 200. It should
also again be noted that no solution may exist for a set of given
inputs and constraints or the set of inputs are ill-defined. In the
exemplary embodiment, given the inputs 505, the first con-
straint value may be —5.14x10~7 while the second constraint
value may be 3.61x107%. The process to determine the con-
straint values 510 will be discussed below.

Initially, the constraint equations are solved by the data
modeling element upon entering the inputs 505. By again
applying the MEP, the three constraints being the mean of p,
the conditional mean of p, and the value of a percentile such
as P(x>x,)=R; (hereinafter “equation 22”), the maximum
entropy p function has the following form: p(x)=(1/Z)exp
L= x4+, (X=R)+A)I(X,%,)) } (hereinafter “equation 237).

Applying equation 3, Z may have the following form:

1
Z=
A1+l2

1
e~ Ao+ Ry A3 /I—(e’AIXO -1
1

(hereinafter “equation 24”). Thus, the variables A, A ,and A4
may be calculated by solving a system of three non-linear
equations using equation 6. Again, the processing unit to
solve the non-linear numerical equations may be included
within the data modeling element or may be provided using a
separate processor.

Applying the above analysis to the inputs 505, the outputs
515 may be displayed. In the exemplary embodiment, the
outputs 515 may include frequency of outages, months
between outages, a conditional months between outages, and
apayout. These outputs were discussed above with reference
to the fourth interface 400 of FIG. 4.

Specifically, with the inputs 505, the frequency of outages
that results from the above analysis is 0.06 times per month.
The months between outages is 17.5 months while the con-
ditional months between outages where the outage lasted
longer than 4 hours is 37. The measured availability is
99.96%. With the payout having an annual time frame, the
payout results in 0.4%.

FIG. 6 shows a method 600 of data modeling according to
an exemplary embodiment of the present invention. FIG. 6
will be discussed with reference to the interfaces 100-500 of
FIGS. 1-5. Initially, the method 600 includes step 605 where
requested values are entered. For example, the requested val-
ues may correspond to the inputs 105 of the first interface 100,
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the inputs 205 of the second interface 200, etc. Upon entering
the requested values in step 605, a set of constraint values are
determined in step 610.

Step 615 addresses the situation where solutions may or
may not be found. As discussed above, a set of inputs may
lead to constraints that are zero/negligible which are valid or
constraints that are significant which are invalid. Thus, if a
solution is found, the method 600 may proceed to step 620.
Otherwise, the method 600 returns to step 605.

Step 620 addresses the situation where a solution was
found and kept or a solution was found and discarded. As
discussed above, a set of inputs may lead to values for con-
straints that are zero/negligible. However, a user may choose
to discard the values nonetheless. Thus, if a solution is kept,
the method 600 may proceed to step 625. Otherwise, the
method 600 returns to step 605.

With the entered inputs and the determined constraints, a
distribution is created for analysis in step 625. The created
distribution refers to p in regards to the MEP as discussed
above. Thereafter, the method 600 may analyze the set of
inputs and constraint values. In step 630, method 600 outputs
a corresponding set of results from the performed analysis.
The results may be displayed to the user (not shown).

The present invention may be applied to actual scenarios
where data has been collected for the respective scenario. In
addition, the present invention may be applied to hypothetical
scenarios where the data corresponds to the hypothetical sce-
nario. For example, if a projected payout for an actual sce-
nario exceeds a threshold payout value, the service provider
may use the present invention to specify a goal and therefore,
find an appropriate payout schedule for the service to at least
meet the threshold.

The present invention may include an option for the user to
enter an expected field and alter the input fields to achieve the
expected field. FIG. 7 shows an exemplary method 700 of
data modeling according to an exemplary embodiment of the
present invention. Specifically, the method 700 allows the
user to perform an analysis that may begin with an output to
determine a set of inputs. For example, if a service provider
finds that a current payout is 1.5%, the user may entera “goal”
field of payout=1%. As discussed above, since the payout is
an output field, reversing the analysis would result in a set of
inputs that would achieve this “goal” field. Thus, a desired
output field is entered in step 705. The user may also wish to
keep certain input fields while only wanting to change par-
ticular input field. Thus, a user may select the input field(s) to
be changed in step 710. For example, the payout schedule
field may be allowed to be altered. This selection may also
include a further option of altering an aspect such as a mul-
tiplicative factor within the input field. For example, a payout
schedule may be changed to meet the “goal” field.

After inputting a desired value in step 705 and selecting the
input field to be changed in step 710, step 715 determines if a
solution that meet the criteria is found. The solution may be
determined using the reverse analysis discussed above. If a
solution is found, the method 700 proceeds to step 730 where
the results are displayed. Otherwise, the method 700 proceeds
to step 720.

In step 720, an alert is displayed to indicate to the user that
no solution has been found. That is, the given criteria (e.g.,
desired output, selected input field, etc.) do not allow “goal”
field to be achieved. Upon alerting the user, the method 700
proceeds to step 725 where an option to select another field is
given. A user may have only wished to allow a particular input
field to be altered. Thus, the given set of criteria is the only
option. The user may choose to end the method 700. Other-
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wise, the method returns to step 710 where the user selects
another field(s) to be changed in order to achieve the “goal”
field.

Those skilled in the art will understand that the above
described exemplary embodiments may be implemented in
any number of manners, including, as a separate software
module embodied in a non-transitory computer readable stor-
age medium, as a combination of hardware and software, etc.
For example, the method 200 may be run as part of a program
containing lines of code that, when compiled, may be
executed on a processor.

It will be apparent to those skilled in the art that various
modifications may be made in the present invention, without
departing from the spirit or scope of the invention. Thus, it is
intended that the present invention cover the modifications
and variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A non-transitory computer readable storage medium
including a set of instructions executable by a processor, the
set of instructions operable to:

receive a plurality of numerical values concerning a pro-

viding of services across a network;

determine at least one constraint value depending on the

plurality of numerical values, wherein the constraint
value corresponds to one of (i) a mean of a distribution of
the numerical values, (ii) a first percentile value concern-
ing a first probability with respect to a time to restore
exceeding a first time, (iii) a second percentile value
concerning a second probability with respect to a time to
restore exceeding a second time, and (iv) a conditional
mean of the distribution of the numerical values with
respect to outages exceeding a threshold time;

perform a distribution analysis given the plurality of

numerical values and the at least one constraint value;
and

output a plurality of results derived from the distribution

analysis.

2. The non-transitory computer readable storage medium
of'claim 1, wherein the plurality of numerical values includes
at least one of (1) a mean time to restore, (ii) an availability,
(iii) a time, (iv) a probability with respect to a time to restore
and the time, (v) an average outage time for outages exceed-
ing the time, (vi) a number of the services failing with a time
to restore exceeding the time, (vii) a total number of services,
and (viii) a payout schedule.

3. The non-transitory computer readable storage medium
of claim 1, wherein the result includes at least one of a
frequency of outages, a first value indicating a time between
outages, a second value indicating a time between outages
that exceed a time to restore, and a payout.

4. The non-transitory computer readable storage medium
of claim 1, wherein the set of instructions is further operable
to:

display the at least one constraint value upon determina-

tion.

5. The non-transitory computer readable storage medium
of claim 4, wherein the set of instructions is further operable
to one of:

retain the at least one constraint value and,

discard the at least one constraint value.

6. The non-transitory computer readable storage medium
of claim 5, wherein the set of instructions is further operable
to:

upon discarding the at least one constraint value, receive a

second plurality of values.
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7. The non-transitory computer readable storage medium
of claim 1, wherein the distribution analysis derives from
Maximum Entropy principles.

8. The non-transitory computer readable storage medium
of'claim 1, wherein the plurality of numerical values is one of
known values, hypothetical values, and desired values.

9. The non-transitory computer readable storage medium
of claim 8, wherein when the plurality of numerical values is
desired values, the plurality of results relate to changes to be
made.

10. The non-transitory computer readable storage medium
of claim 8, wherein the set of instructions is further operable
to:

when the plurality of numerical values is desired values,

select at least one of the plurality of results to remain
unchanged.

11. A system, comprising:

a processor; and

a memory storing a set of instructions that are executable

by the processor, the set of instructions, when executed

by the processor, causing the processor to perform

operations including:

receiving a plurality of numerical values relating to pro-
viding services on a network;

determining at least one constraint value depending on
the plurality of numerical values, the constraint value
corresponding to one of (i) a mean of a distribution of
the numerical values, (ii) a first percentile value con-
cerning a first probability with respect to a time to
restore exceeding a first time, (ii) a second percentile
value concerning a second probability with respect to
a time to restore exceeding a second time, and (iv) a
conditional mean of the distribution of the numerical
values with respect to outages exceeding a threshold
time;
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performing a distribution analysis given the plurality of
numerical values and the at least one constraint value;
and

outputting a result derived from the distribution analy-
sis.

12. The system of claim 11, wherein the plurality of
numerical values includes at least one of (i) a mean time to
restore, (i1) an availability, (iii) a time, (iv) a probability with
respect to a time to restore and the time, (v) an average outage
time for outages exceeding the time, (vi) a number of the
services failing with a time to restore exceeding the time, (vii)
a total number of services, and (viii) a payout schedule.

13. The system of claim 11, wherein the results include at
least one of a frequency of outages, a first value indicating a
time between outages, a second value indicating a time
between outages that exceed a time to restore, and a payout.

14. The system of claim 11, wherein the operations further
include:

displaying the at least one constraint value upon determi-

nation.

15. The system of claim 14, wherein the operations further
include:

selecting one of retaining the at least one constraint value

and discarding the at least one constraint value.

16. The system of claim 11, wherein the distribution analy-
sis derives from Maximum Entropy principles.

17. The system of claim 11, wherein the plurality of
numerical values is one of known values, hypothetical values,
and desired values.

18. The system of claim 17, wherein when the plurality of
numerical values is desired values, the plurality of results
relate to changes to be made.

#* #* #* #* #*



